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Abstract 

A review of the current status of the Cabibbo-Kobayashi-Maskawa matrix (Vckm) 
is presented and a special emphasis is put on the determination of the p and r\ 
parameters. From this study it follows that, in the Standard Model, the B®-B® os- 
cillation frequency, Am s , has to lie, with 68% C.L., between 6.5 ps _1 and 15 ps _1 , 
and is below 21 ps _1 at 95% C.L.. If the interest of measuring Am s is underlined, 
the importance of a precise determination of the B meson decay constant, is also 
stressed. It is proposed to obtain a precise value for this parameter from an accurate 
measurement of fo, the D meson decay constant, using results from lattice QCD to 
relate D and B hadrons. A future Tau-Charm factory could accomplish this task. 
It is also shown that from the present measurements, assuming the validity of the 
Standard Model, an already accurate value of sin2f3 = 0.67loa3 * s obtained. Sofar 
no constraint can be obtained on sin2a. The interest of having a direct measure- 
ment of sin2a and sin2(3 at B-factories or at other facilities is reminded. Finally 
constraints on SUSY parameters, in the framework of a given model, obtained from 
a precise measurement of the CKM matrix elements are analyzed. 
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1 Introduction 



The search for CP violation in B meson decays, at B-factories or high energy hadron 
colliders, is usually justified by the quest to explain the asymmetry matter- antimatter in 
the Universe [[!]. The Standard Model CP violation, which is contained in the Cabibbo, 
Kobayashi, Maskawa matrix, fails by about 10 orders of magnitude to account for the 
measured abundance of baryons [0. It is then necessary to invoke non-Standard Model 
sources of CP violation and many possibilities exist. As an example, in the Supersym- 
metric extension of the Standard Model, additional phases are present but there is no 
guarantee that these phases produce measurable effects in B decays or that they can 
really account for the cosmological excess of baryons. 

In this paper, a pragmatic attitude has been adopted which consists in considering the 
limiting factors on the precision of consistency tests of the Standard Model predictions 
and a special emphasis has been placed on the control of uncertainties coming from the 
strong interaction operating in the non-perturbative regime. 

In the Standard Model, weak interactions among quarks are codified in a 3x3 unitary 
matrix: the Vckm matrix. The existence of this matrix conveys the fact that quarks 
which participate to weak processes are a linear combination of mass eigenstates. The 
Vckm matrix can be parametrized in terms of four parameters: A, A, p and r] and 
the Standard Model predicts relations between the different processes which depend on 
these parameters; CP violation is one of those. The unitarity of the Vckm matrix can be 
visualized as a triangle in the p — rj plane. Several quantities which depend on p and r\ can 
be measured and, if the Standard Model is correct, they must define compatible values for 
the two parameters, inside measurement errors and theoretical uncertainties. Extensions 
of the Standard Model, as Supersymmetry, provide different parametrizations, for the 
same observables, and additional parameters to p and rj. The position of the summit of 
the unitarity triangle, given by the p and T] coordinates, will be different in this scenario. 
It has to be stressed that only the extentions of the Standard Model in which the flavour 
changes are controlled by the Vckm matrix are considered in this paper. 

It is thus of interest to measure accurately as many observables as possible to have 
evidence for physics outside the Standard Model. By the year 2000, HERA-B and B- 
factories are expected to measure CP violation phases which are directly related to the 
angles a and (3 of the unitarity triangle. The aim of this paper is to review present 
constraints on p and r\ obtained from existing measurements of B° s — B° s oscillations, 
CP violation in the K system and b — > uivg transitions. With the same constraints, and 
considering the expected improvements of current analyses and of lattice QCD evaluations, 
possible uncertainties on p and r\ have been evaluated from future measurements. After 
the year 2000, the contribution from precise measurements at a Tau-Charm factory, has 
been also considered. It is shown that a well defined region, in the (p, r]) plane, can 
be obtained, independently of the measurements of the angles a and (3 of the unitarity 
triangle. As these angles are expected to be measured at the same time, with a reasonable 
accuracy, it will be of interest to verify if the two approaches give compatible results. 
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2 The Cabibbo-Kobayashi-Maskawa (CKM) matrix 
: an historical introduction 



In the early 60's there were three quark flavours. The quark u with charge +2/3, the 
quarks d and s of charge -1/3. By analogy with leptons it was suggested that the quarks 
were also organized into doublets and the existence of a new quark of charge 2/3 was 
proposed ||. An intense experimental activity on strange particles shown, at the same 
time, that the absolute decay rate for AS =1 transitions was suppressed by a factor of 
about 20 as compared to AS =0 transitions. 

In 1963 Cabibbo proposed [|J a model to account for this effect. In this model the d and s 
quarks, involved in weak processes, are rotated by a mixing angle 9 C : the Cabibbo angle. 
The quarks are organized in a doublet : 




u 

d cos6 c + s sin6 c 



the small value of 9 C (~ 0.22) is responsible for the suppression of strange particle decays 
(the coupling being proportional to sin 2 6 c ). In this picture the slight suppression of 
n — > pe~T7^ with respect to the rate of \T — > e^u^ is also explained by the fact that the 
coupling in the neutron decay is proportional to cos 2 9 c . 

In the other hand, in this model, the neutral current coupling is of the form 



uu 



+ ddcos 2 8 c + sssin 2 9 c + (sd + ds)cos6 c sinO c . (2) 



The presence of the (sd + ds) term implies the existence of a flavour changing neutral 
current (FCNC). This was a serious problem for the Cabibbo model, since all the observed 
neutral current processes were characterized by the selection rule AS = 0. 
In 1970 Glashow, Iliopoulos and Maiani |S| (GIM) proposed the introduction of a new 
quark, named c, of charge 2/3 and the introduction of a new doublet of quarks formed by 
the c quark and by a combination of the s and d quarks orthogonal to d c : 




c 

s cos9 r — d sin9 r 



(3) 



In this way the (sd + ds) term in the neutral current disappears. 

The discovery of the charm quark in the form of cc bound states and the observa- 
tion of charmed particles decaying into strange particles |7[ (the cs transitions which are 
proportional to cos 2 8 c dominate over the cd transitions which are proportional to sin 2 6 c ) 
represent a tremendous triumph of this picture. 
The charge current can then be written: 

(ucmi - 75) V ( d g ) (4) 

where u, d, s, c are the mass eigenstates and V is defined as: 

y _ ( cos9 c sin8 c \ , . 

I —sin9 c cos6 c J ' 

V is the Cabibbo unitary matrix which specifies the quark states which are involved in 
weak interactions. This matrix express the fact that there is an arbitrary rotation, usually 
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applied to the -1/3 charged quarks, which is due to the mismatch between the strong and 
the weak eingenstates. 

In 1975 the Mark I group at SPEAR discovered the third charged lepton : the r ||. Two 
years later the fifth quark, the b, was also found at FNAL II. The indirect existence for 
the top quark t from the observation of B® — oscillations suggested the existence of 
a heavier version of the doublets (u,d) and (c,s) (the t quark has been recently discovered 



at Fermilab [TlJ in pp collisions) 

The existence of three quark doublets was already proposed by Kobayashi and Maskawa 



in 1973 [12] as a possible explanation of CP violation. Their proposal is a generalization of 
the Cabibbo rotation and implies that the weak flavour changing transitions are described 
by a 3 x 3 unitary matrix: 



/ 












:) 


-> V 






V 











Vud Vus Vub 
Vcd Vcs Vcb 

V td V u V tb 



(6) 



This matrix can be parametrized using three real parameters and one phase which cannot 
be removed by redefining the quark field phases. This phase leads to the violation of the 
CP symmetry. In fact since CPT is a good symmetry for all quantum field theories, the 
complexity of the Hamiltonian implies that the time reversal invariance T and thus CP 
is violated. In this picture the Standard Model includes CP violation in a simple way. 
Several parametrizations of the Vqkm matrix exist. 



The standard parametrization is [13 
/ 



V, 



CRM 



C12C13 



1613 



-S12C23 - C12.S23.Si3e 



S12C13 
C12C23 - S 12 S 2 3Sl3e 



■si 3 e 

«(5i3 



V -S12.S23 - Ci2C 23 Sl3e"' 13 - C12S23 - Si 2 C23Si 3 e l 



-i<5i 3 

S23C13 
C23C13 



(7) 



where and Sy stand for cosOij and sinOij respectively, the indices 1,2,3 represent 
the generation label and #13 is the phase. Experimentally there is a hierarchy in the 
magnitude of these elements. The parametrization proposed by Wolfenstein ||14|| , in terms 
of four parameters: A, A, p and rj, is motivated by this observation. By definition these 
parameters verify the following expressions: 



-S12 — A, S23 — A\ 2 



si 3 e 



-i5i3 



A\ 3 (p - irj). 



The Vckm matrix elements can be expanded in powers of A and, without any prejudice 
on the possible values for A, p and rj, expressions valid up to 0(A 6 ) have been obtained : 



V ( 



CRM 



-A + 
AX 3 (1 - 



(1 - 2P) 
(l"f)(p4 



A 



- iA 2 X 5 r] 
irj)) -A\ 2 {1 



irj) 



1 - 



AX 3 (p 

f )(1 + A 2 (p + ^)) l-^f 



AX 2 



\ 



J 



7] accounts for the CP violating phase. This parametrization is still approximated but is 
completely adequated to the arguments developed in this paper. 

This parametrization shows that the matrix is almost diagonal, namely that the coupling 
between quarks of the same family is close to unity, and is decreasing as the separation 
between families increases. 
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3 The A and A parameters 



The A parameter has been measured using strange particle decays involving the s 



transitions. It is obtained from the measurement of decays : K + 



71 



u 

v R or 



ments is 113 



7r t + u e and from hyperons semileptonic decays. The average of these measure- 



| V us |= A = 0.2205 ±0.0018 (9) 

Studies of c — > d transitions, in neutrino production of charmed particles and in charmed 
particle decays into non-strange states, give a compatible determination of A which is 



nearly ten times less precise 13 



| V us |= A = 0.224 ±0.016 
The average of the previous determinations gives the following value for A: 

A = 0.2205 ±0.0018 



(10) 



In the Wolfenstein parametrization the parameter A is introduced and defined from 
the expression : 

| V cb |= A\ 2 (12) 
The value of | V cb | can be determined in two ways : 

• from LEP measurements of the inclusive lifetime, r&, and of the semileptonic branch- 
ing fraction (BR b sl ) of B hadrons. | V cb | can be obtained from the following expres- 
sion : 



T/ |2 BR sl 
Vcb — • 



(13) 



The term 7 C includes the dependence on mj, m c and contains also QCD corrections. 
An analogous definition is valid at the T(4S) using the measured branching ratio, 
Br(B — > £ + uX), and the average B + /B^ lifetimes. The use of experimental data 
and of theoretical models [13] is subject to an intense discussion ||16|| . A detailed 
review can be found in |l7j Jl8| 0]. From the values given in Table |l] and using 
the relation (1l3l 



Vr 



cb 



has been evaluated to be: 
| V cb |= 0.0405 ± 0.0005 ± 0.0030. (14) 
The second quoted error reflects theoretical uncertainties on the parameter 7 C and 



it has been overestimated according to the authors of [20 



from the interpretation of the measurement of the exclusive branching fraction, 
BR(B — > D*£is), in the HQET framework 23]. The measurements done at the 



T(4S) and at LEP @ give: 

F(l) | Vd, |= 0.0357 ± 0.0021 ± 0.0014. (15) 
Using for F(l), which deviates from unity because of strong interactions, the value 



23 



it follows: 



F(l) = 0.91 ±0.03 
V cb |= 0.0392 ± 0.0027 ± 0.0013. 



(16) 
(17) 
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Variables 


results 


references 


n 


1.566 ± 0.017 


m 


I 


T~B° 

d 


1.55 ± 0.04 ps 


m 


I 


T B + 


1.66 ± 0.04 ps 


w\ 


1 


Br(b -> £ + uX)(LEP) 


11.22 ± 0.21% 




p2 




Br(B — > £ + z/X)(T(4S')) 


10.43 ± 0.24% 




M 




7c 


41 ± 6 ps~ L 


y 


i 



Table 1: Theoretical and experimental inputs used in the evaluation ofV cb . 



Assuming that the theoretical uncertainties are uncorrelated and averaging the two pre- 
vious determinations, | V cb | results to be : 



| V cb |= 0.0397 ±0.0020 (18) 

which corresponds to: 

A = 0.81 ± 0.04 (19) 

4 The unitarity triangle 

From the unitarity of the CKM matrix ( VV* = 1) three independent equations relating 
its elements can be written. In particular, in transitions involving b quarks, the scalar 
product of the third column with the complex conjugate of the first row must vanish : 

KdVub + v: d v cb + v; d v tb = o (20) 

Using the parametrization given in eq. (|8|), and neglecting contributions of order 0(A 7 ), 
the different terms, in this expression, are respectively: 

V: d V ub = A\ 3 (p-trj), V; d V cb = - AX 3 , V t * d V tb = A\ 3 (l-p + tr]) (21) 

where the parameters p and TJ have been introduced : 

A 2 A 2 
P = P( 1 ~y) ; ^ = ^( 1 -y)- 

The three expressions are proportional to AX 3 which can be factored out and the geomet- 
rical representation of eq. ( pOD , in the (p-fj) plane, is a triangle with summits at C(0,0), 
B(1,0) and A(p-rj) ( see Figure [I] ) The following relations hold : 

Vcb 



1 


A 2 | 
2 1 




A I 




v td \ 


A 


1 v cb | 


1 - 


T 1 v td 


A 


I V u 



AB = ±rp- = v / ((l-p) 2 +^ 2 ) 



AB = —^WP; = " Pf + V 2 ) (22) 



these expressions are valid up to 0(A 4 ). 

The Standard Model, with three families of quarks and leptons, predicts that all mea- 
surements have to be consistent with the point A(p — rj). 
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P 

Figure 1: The unitarity triangle in the (p-rj) plane. The constraints on Am^, | ex | and 
|^| are shown as bands corresponding to ± la. The 95 % C.L. excluded region obtained 
from the limit on the ratio Am s /Amd corresponds to the area situated on the left of the 
line. 



4.1 Charmless semileptonic decays of B mesons. 

The presence of leptons above the kinematical limit for leptons produced in the decay 
B — > D£v^, at the T(4S), is attributed to b — > ulvl transitions. As only a small fraction 
of the energy spectrum of these leptons is accessible experimentally, there is, at present, 
a large systematic uncertainty in the modelling of these transitions to evaluate the value 
of \V uh \ 0: 

^4 = 0.08 ±0.02. (23) 

I Vcb\ 

This measurement corresponds to the following constraint in the (p-rj) plane: 



p 2 +f] 2 = 0.35 ±0.09. (24) 



4.2 CP violation in the K u - K u system. 

Indirect CP violation in the K° — K° system is usually expressed in terms of the | e# | 
parameter which is the fraction of the CP violating component in the mass eigenstates. 
Replacing \V CS \ by its expression in terms of the Wolfenstein parameters, the following 
equation is obtained, having neglected 0(A 4 ) terms: 

\e K \ = C e B K A'X^-^l-^S^+A'X^l-p-if + ^X 2 )^^) 

+r) 3 S(x c ,x t )). (25) 
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Another contribution, proportional to the ratio £ = Im(A(K — > 7r7r)/ = o)/-Re(A(.K" — > 
7T7r)/=o), which is at most a 2% correction to [^6| has been also neglected. The constant 
C e = G Q^Jt^™^ is equal to 3.85 x 10 4 (see Table |J). The r\i parameters include 
perturbative QCD corrections which have been evaluated recently at the next to leading 
order Wft p8l: 



771 = 1.38 ±0.53, 772 = 0.574 ±0.004, 773 = 0.47 ±0.04. (26) 

2 

The expressions for S(x c ) and S(x c ,Xt) depend on x q = An important theoretical 
uncertainty in eq. fl2"5j ) comes from the "bag" parameter Bk which is of non-perturbative 
QCD origin. From recent lattice QCD evaluations the following value can be quoted f2"9fl: 



B K (2GeV) = 0.66 ±0.02 ±0.06. (27) 

The first error corresponds to the present uncertainty of this evaluation inside the 
quenched approximation and the second error is related to the quenched approximation 
itself. The scale-invariant value for Bk is then evaluated, so that it will be consistent 
with the conventions used to obtain the 77, parameters |28 |: 



Bk = (a^^)rl(l + ^^-J 3 )BM. (28) 

In this expression, J 3 = Js!"q CD = 371 MeV and the following value is obtained for 
B K using fi = 2 GeV: 

B K = 0.90 ±0.09. (29) 

4.3 B° d - oscillations. 

In the Standard model, the mass difference between the mass eigenstates in the B° — B° 
system can be expressed as: 

Am d = 192m ^ ?r2 I Vtb | 2 | Vtd T m Bd fB d B Bd r)BXtF(x t ), (30) 

where g 2 = ^8m^. In this expression only terms in which the top quark contributes 
have been retained because they dominate. The mixed term with top and charm quark 
is almost 600 times smaller than the dominant one; the one involving only charm quarks 



is suppressed by an extra factor ten f30j. The function F(x t ) is given by: 



19 1 31 

F(I,) = 3 + 3 (T^ - 5 K^-2K^r lnx ' (31) 



where Xt = (mf/m^). F(xt) has a smooth variation with xt and is equal to 0.54, for 
m t = 180 GeV/c 2 . The scale for the evaluation of perturbative QCD corrections entering 
into i]b and the running of the t quark mass have to be defined in a consistent way f28| . 
The measured value of the pole top quark mass obtained by CDF and DO collaborations 



' " ; — 175 ± 6 GeV/c 2 QX1|] ) has to be corrected downwards by (7 ± l)GeV/c 2 . The 
following values have been used: 

m = 168 ± 6 GeV/c 2 , rj B = 0.55 ±0.01. (32) 
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The dominant uncertainties in eq. (BUT) comes from the evaluation of the B meson decay 



constant f Bd and of the "bag" parameter B Bd . There is a vast literature on lattice QCD 



calculations of f B . From the reviews |31| based on recent studies |32j , the preferred value 
is : 

f Bd = 175 ± 25 ± 30 MeV (33) 

where the first uncertainty is obtained using the quenched approximation and the second 
uncertainty accounts for the use of this approximation itself. These results are compatible 
with those obtained using sum rules technique [j33fl , the relativistic quark model p4| and 



the QCD potential model [35 



The bag factor B Bd has been evaluated using lattice QCD in a way which is consistent 
with the result quoted for Bk- At the 2 GeV scale, the following value from lattice QCD 
is obtained: 

B Bd {2 GeV) = 0.95 ± 0.07 ± 0.09, (34) 
where the errors have the same meaning as in eq. (0). The scale-invariant value for B Bd 



has been obtained using the following expression G7 



B Bi = (af\p))-^(l + ^^J 5 )B Bd (p), (35) 



in which J 5 = and gives: 



B Bd = 1.36 ±0.16. (36) 
Due to the dependence in f B x B Bd in the expression of Am^ (eq. ^0| ), the uncertainty 



on f Bd dominates over the one on B Bd . The variable f Bd yB Bd will be used often in the 
following and from expressions (|33|) and (p6[) its value is equal to: 



f Bd yjB Bd = 200 ±50 MeV (37) 
The relative uncertainty on the square of this variable, which enters into expression 



(p0|), is then at the level of 50%. Using the parametrization given in eq. fl30|) the expression 
for Arrid becomes: 

Amd = 192m 2 tt* A2 A^~P? + f]^B d f Bd B Bd 7 lB x t F{x t ). (38) 

which gives a constraint on the AB side of the triangle, corresponding to a circle centered 
on B, in the (~p-rj) plane. 

4.4 — oscillations. 

The ratio between the Standard Model expectations for Am^ and Am s is given by the 
following expression : 

\ ... i-l r> .. n 

(39) 



Am d rn B Jl B Bd r] Bd \V tG 1 2 



Am s m B J Bs B Bs r) Bs \V tsl 

Neglecting terms of order 0(A 4 ), | Vt s \ is independent of p and r\ and is equal to | V c b 
4r)- A measurement of the ratio 4^ 

2 / Am. 



x(l — ^-). A measurement of the ratio 4^ gives the same type of constraint, in the p-rj 
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plane, as a measurement of Arrid because it is also proportional to the length of the side 
AB of the unitarity triangle. This ratio is expected to be less dependent on the absolute 
values of f B and B B , and lattice QCD predicts [|36f| : 



g = i^iV—^ = 1.17 ±0.06 ±0.12. (40) 
fB d <jB Bd 

The first error corresponds to the present uncertainty of this evaluation inside the 
quenched approximation and the second error is related to the quenched approximation 
itself. 

The present limit on Am s allows to restrict the accessible domain for the p and rj 
parameters. 

Measurements of Am d , \V u b\ and | ek | can be used also to define the most probable region 
for Am s and f Bd \jB Bd . 



5 Present constraints on the p and 77 parameters. 
5.1 The methods 

The constraints on p and rj have been obtained in two ways. 

These parameters can be determined by fitting their values from the three expressions 
given in (|^), (p5|) , (f&f), (|39D for, respectively, j^4, | ek |, Am^, and the correspond- 
ing measurements. Extra constraints have been added on A, m t , Bk, fB d \J B Bd , £ and the 
QCD parameters entering in the expression of | ek |, whereas uncertainties on the other 
parameters have been neglected. The list of parameters used in this analysis is given in 
Table @. 

An equivalent approach has been developed which consists in building up the two dimen- 
sional probability distribution for p and rj. This is done in the following way. 

• a point uniformly distributed in the (p — rj) plane, is chosen, 

• values for the different parameters entering into the equations of constraints are 
obtained using random generations extracted from Gaussian distributions 

• the predicted values for the four quantities, jpr4, | Ek |, Amd and are then ob- 
tained and compared with present measurements. A weight is computed assuming 
that the measurements have Gaussian errors. As an example, the weight corre- 
sponding to the constraint provided by the measurement of Am^ is: 

w i {Am d ) oc exp -((Am d (meas.) - Am d (A\ p\ rj\ j% d , B Bd , mj, r]^)) 2 /2a(Am d ) 2 ) 

(41) 

where a(Am d ) is the measurement error on Am d . The final weight is equal to the 
product of the four weights. 

• the sum of all weights, over the (p — rj) plane, is normalized to unity and contours 
corresponding to 68% and 95% confidence levels have been defined. 
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today's values 



references 



"year 2000" 



A 

\Vub\ 
\Vcb\ 



0.81 ± 0.04 
= 0.08 ±0.02 
nr c (m c ) = (1.3 ±0.1) GeV/c 2 
f K = 0.161 GeV/c 2 
Am K = (0.5333 ± 0.0027) x 10~ 2 ps~ 
Am d = (0.469 ±0.019) ps' 1 
Am s > 8-Ops- 1 at 95%C.L. 
| e K | = (2.258 ±0.0018) x 10~ 3 
rn t {m t ) = (168 ± 6) GeV/c 2 
B K = 0.90 ±0.09 

f^fB 



G, 



B d -- 

f_Ba V B B S 

Vl = 
V2 = 
V3 = 
VB = 



= (200 ± 50) MeV 
• = 1.17 ± 0.13 

: 1.38 ±0.53 
0.574 ±0.004 
= 0.47 ±0.04 
= 0.55 ±0.01 



= (1.16639 ± 0.00002) x 10' 5 GeV~ 2 
m w = 80.33 ± 0.15 GeV/c 2 
m B o = 5.279 ± 0.002 GeV/c 2 
m B t = 5.375 ± 0.006 GeV/c 2 
m K = 0.49767 ± 0.00003 GeV/c 2 
A = 0.2205 ±0.0018 



this paper 



PI 

















H 

this paper 
this paper 

this paper 



mM 



MM 



MM 

















±0.025 
±0.01 



±0.015ps" 1 
12.5J9S- 1 at 95%C.L 

±5 GeV/c 2 

±0.05 
±30 MeV 

±0.06 



Table 2: Values of the parameters entering into the expressions for Amd (eQ- W$l) , \^k\ 
(eq. \2J%), (eq. ^) and Am d /Am s (eq. ^). The column "year 2000", gives the 
expected uncertainties on the parameters for which an improvement is forseen before that 
time. 
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Figure 2: The allowed region for ~p and r} using the parameters listed in Table [|. The 
contours at 68% and 95 % are shown. The continous lines correspond to the constraints 
obtained from the measurements of w^, \ £k I and Am^. The dotted curve corresponds 
to the 95 % C.L. upper limit obtained from the experimental limit on Am s . This last 
constraint has not been included when determining the allowed region. The position of the 
apex of the triangle corresponds to the most probable value which coincides with the fitted 
value given in 



It has been verified that the two approaches give equivalent results by comparing 
these contours with those given by the fitting procedure. The second approach allows 
to construct the probability distribution for several parameters of interest such as Am s , 
sin2a and sin2(3. In this approach non-Gaussian distributions for the errors on the 
experimental measurements of the constraints and on the parameters entering into the 
equations of the constraints can be used. An example is given in (Section |5.2.2). 



5.2 Results with present measurements. 
5.2.1 Measured values of the p and fj parameters: 

The contours corresponding to 68% and 95% confidence levels are shown in Figure 0. 
The result of the fit gives : 

p=0.10iS£ ; ?7 = 0.33^ (42) 

It has been verified that, when using the same set of values for the parameters listed in 
Table |2] as those given in J57J] , the fitted values for p and rj and their corresponding errors 
were also similar. 

The different sources of error which determine the size of the allowed region are ex- 
amined in the following. Simplified expressions for the uncertainties on p and r\ have 
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been obtained assuming that these two parameters are determined by the measurements 
of Arrid and | e# | respectively. The expressions are: 

0.75^ © 0.5^ © ^5 (43) 
A m t Am d f ^ 



£l ~ 3.3^ 0.7^ © ^ © ctqcd (44) 

r/ /L m-i m c Bk 

The last mentioned contribution in these expressions comes from the uncertainty in 
the evaluation of effects from strong interactions at the next to leading order. Using the 
central values for the parameters listed in Table |2| and their corresponding uncertainties, 
the expected error on p becomes: 

ap ~ 0.050 © 0.027 © 0.020 © 0.25 © 0.01 



The error on p is almost entirely due to the uncertainty on jB d \j^B d which is of theoretical 
origin fl37l) . Its present value does not allow to profit from the accurate measurement of 
the Amd parameter, which is known at the level of 4% relative error ( see Table [2] ). 
The possibility of having a more precise determination of fs d is considered in the section 
dedicated to the perspectives (Section ||). The second important contribution to the error 
on p is coming from the uncertainty on the A parameter extracted from the measurement 

of 

For the rj parameter, the corresponding result is obtained: 

5 - 0.16 © 0.036 © 0.054 © 0.10 © 0.055 
V 

The uncertainty on rj is governed by the theoretical uncertainty on Bk and by the 
measurement error on A. The error on A plays an important role since, for p ~ 0, eq. 
([§) tells that: | e K |~ B K A 4 . 

In the considerations, developped in the second part of this paragraph, the effect 



from the measurement of tt^4, which can further reduce the accessible region, has been 

\Vcb\ 

neglected. 



5.2.2 Measured values for p and rj when including the current limit on Am s . 



As mentioned in section |4]4] a possibility to reduce the uncertainty on p is the measurement 
of the ratio . The search for B° s — B° s oscillations has been the object of an intense 
activity in the last two years. No measurement is available sofar. The best limit comes 



from the combination of ALEPH, DELPHI and OPAL results 38 



Am, > 8.0PS- 1 at 95%C.L. (45) 



This limit has been obtained in the framework of the amplitude method |39j which consists 
in measuring, for each value of the frequency Am s , an amplitude a and its error a(a). 
The parameter a is introduced in the time evolution of pure B° or B° s states so that the 
value a = 1 corresponds to a genuine signal for oscillation: 

V(B° S - (B°, B?)) = -^e~^ x (1 ± a cos(Am s t)) 

2t s 
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Figure 3: The allowed region for p and r\ using the parameters listed in Table [|. The 
contours at 68% and 95 % are shown. The full lines correspond to the central values of 
the constraints given by the measurements of | £k I an d Am^. The dotted curve 
corresponds to the 95 % C.L. upper limit obtained from the experimental limit on Am s . 



This last constraint has been included following the procedure discussed in Section \5. 2. 1 . 
The ratio £ has been also varied according to eq. ftjty). 



A randomly distributed decay time distribution which is expected for very large values 
of Am s , corresponds to a = and the 95% C.L. excluded region for Am s is obtained in 
evaluating the probability that, in at most 5% of the cases, the observed amplitude is 
compatible with the value a = 1, this corresponds to the condition: 

a(Am s ) + 1.645o-(a(Am s )) < 1. 

This limit on Am s allows to cut the left side part of the p — r\ region (Figure §). However 
the set of measurements a(Am s ) contains more information than the 95% C.L. limit. It is 
possible to build a x 2 , which quantifies the compatibility of a(Am s ) with the value a = 1, 
defined as: 

a z {a{Am s )Y 

and which can be used as a constraint. 

The new allowed region for the p and rj parameters is shown in Figure |3|. 
The result of the fit gives : 

p=0.111JS ; r}= 0.331S3 (46) 

It can be noticed that the present limit on Am s gives a reduction by a factor of 1.5 
on the negative error of p. 

A similar fit has been performed using flat distributions for the quantities in which the 
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Figure 4: The allowed region for ~p and rj using the parameters listed in Table II. Flat 

It/- I ' — ' 

distributions have been used for j^j, Bk, f B yB B and £ which have the same variance 
as the previously Gaussian distributions. The contours at 68% and 95 % are shown. 
The inset shows the comparison between the contours at 68% and 95 % for Gaussian 
distributions ( clearer contours ) and for flat distributions ( darker countours ). 



systematic error is dominant. These quantities are : B K , f B \jB B and £. The consid- 
ered variation for these distributions have been chosen such that the new, flat, and the 
previous, Gaussian, distributions have the same variance. The new allowed region for the 
p and Tj parameters is shown in Figure |]. 

The comparison between the contours at 68% and 95 % of this new allowed region 
with those obtained with only Gaussian distributions ( Figure |3] ) is shown in the inset of 
Figure ||. The difference is small and is essentially due to the uncertainty on 1^4. 
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5.2.3 Simultaneous measurement of p-rj and fB d \ Bb, 



Instead of using fs d yBB d as an external constraint, this quantity can be also fitted 
together with the p and the rj parameters. The result is: 

P — u - iz -0.26 i 7 — u -°°-0.07 



f Bd JB Bd = 208^MeV (47) 



If, in addition, the external constraint on fB d \ B Bd is imposed, the result on the p and rj 



parameters is the one given in fl46|) and f Bd \J B Bd = 205liHMeV. This result implies that 
the constraint coming from the measurement of Am^ will bring information only if the 



uncertainty on f Bd JB Bd can be reduced to 30 MeV or below. 
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Figure 5: The Am s probability distribution obtained with the same constraints as in 
Figure |]. The dark-shaded and the clear-shaded intervals correspond to 68% and 95 % 
confidence level regions respectively. The inset shows the comparison between the Am s 
probability distributions for Gaussian distributions ( clearer contours ) and for fiat distri- 
butions ( darker countours ) 



5.2.4 Am s probability distribution. 

One of the advantage of having explicitly built up the two-dimensional probability dis- 
tribution for p and rj is that the weights previously defined can be used to obtain the 
probability distribution for Am s . This distribution is shown in Figure [|. It is expected 
that the value of Am s is in the range between 6.5 and 15 ps" 1 at 68% C.L. The most 
probable value is around 10 ps^ 1 . At 95 % C.L. Am s has to be smaller than 21 ps^ 1 . 
The current LEP combined lower limit at 8 ps~ Y is just exploring the one sigma expected 
region for Am s . The Am s distribution has been also obtained using flat distributions for 
the quantities in which the systematic error is dominant as explained at the end of Sec. 
5.2.2|. At 68% C.L., Am s is expected between 5 and 15 ps~ l , the most probable value is 



around 9 ps~ l and at 95 % C.L. Am s has to be smaller than 22 ps~ l . The comparison 
between the new Am s distribution with those obtained with only Gaussian distributions 
is shown in the inset of Figure || 

5.2.5 Measured values for sinla and sin2(3 . 

Present measurements of Am^, \V u b\, \ ex | and the limit on Am s can be used also to 
define the allowed region in the plane (sin2a, sin2f3), where a and (3 are respectively 
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Figure 6: The sin2a and sin2(3 distributions are shown in the left and right plots 
respectively. They have been obtained using the same contraints as in Figure f|. The 
dark-shaded and the clear-shaded intervals correspond to 68% and 95 % confidence level 
regions respectively. 



equal to the angles CAB and ABC of the unitarity triangle. The values of sinla and 
sin2(3 are expected to be measured at future B-factories from the studies of the decays 
B° — > ix + ix~ and B° — > J/\I/K°, respectively. With present measurements the following 
values have been obtained (Figure |]): 

sin2a > - 0.60 at 95%C.L, sin2(3 = 0.67±g;i| (48) 

The accuracy on sin2j3 is already at the level expected in the year 2000 at B-factories. 
The value of sin2a is more uncertain because it depends a lot on the measurement of p; 
for the fitted values of p and fj, the error on a(sin2a) is typically ~ 5 er(p). Using flat 
distributions for the quantities in which the systematic error is dominant, as explained in 



Sec. |5.2.2j, the new value for sin2(3 is equal to 0. 82^^22 



6 The perspectives 

6.1 Improvements on the determination of non-perturbative 
QCD parameters 

6.1.1 The f B parameter 

It has been shown in section |5.2.3| that the accuracy on the measurement of p can be 
improved if fs d \J Bs d can be obtained with an uncertainty smaller than 30 MeV. 

Direct measurement of fs- A priori, Jb can be measured using the decay B + — > r + u T 
which proceeds through the annihilation of the b and u quarks. The corresponding branch- 
ing fraction for this process is proportional to the product f B x | V^t, | 2 . Thus, following 
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this procedure, fs is not directely measured. Furthermore the Standard Model predicts 
a branching fraction of the order of 7 x which is very small as compared to possible 
sources of background. Present limits from LEP and CLEO experiments are at the level 
of 5 x 1CT 4 ]5J and 2.2 x 1CT 3 at 90% C.L. j41| respectively. From the analysis point 



of view LEP is the most favourable place to perform this measurement but the statistics 
are too low. At CLEO and future B-factories this measurement seems to be very difficult 
and a 10% precision seems to be unrealistic. 

fs from lattice QCD calculations: the use of fn s to evaluate fs- The study of the de- 
cay Df — > t + u t or — > /U + z/^ has two clear advantages with respect to the B + — > t + v t 
channel. The branching fraction is of the order of 5 %, for the first channel, and fo s can 
be directely obtained, since the value of the CKM element \V CS \ is well known. 
From the present measurements of — > t + u t and — > /i + z^ decays, /d s is derived to 



be 42 



f Ds = 255 ± 20 ± 31MeV (49) 

The method proposed in the following, to evaluate fs, consists in using this measurement 
and the extrapolation from the D to the B sector, as predicted by lattice QCD |4"3 |. At 
present, the ratio foj '/d+ has also to be taken from the theory and the value given in 
f44| has been used: 

= 1.10 ±0.05 ±0.10 

JD+ 

where the last error is an estimate of uncertainties from the quenching approximation. The 
ratio Jb/ Id is then obtained using the expected variation, from lattice QCD, of / x \[M 
as a function of 1 /M and requiring that the prediction coincides with the measured decay 
constant in the D region. From the dispersion of present predictions, it has been assumed 
that this extrapolation gives an additional 10% relative error. It results that: 

f Bd = 178 ± 26(exp.) ± 18(^-) ± 18(p-)MeV (50) 

JD+ JD+ 

The value obtained for fs d , in this approach is well compatible with the absolute pre- 
diction from lattice QCD (eq. |33|) and also with the value favoured by the measurements 
of | €k I, Am,i, and the limit on Am s , corresponding to eq. (|47|) 

f Bd = 17811 MeV (51) 

This approach seems promising because accurate experimental measurements can be 
obtained in future. In the coming years, improvements are expected from CLEO and from 
LEP on the absolute decay rate Df — > t + v t ( Df — > ). A spectacular improvement 
is expected from a future Tau-Charm factory where fjj a and fn+ can be measured with a 
relative accuracy of 1.5%. These two measurements can provide very strict constraints on 
results from lattice QCD. In particular they can validate unquenched evaluations when 
going from bound states made with an heavy quark and a strange or a non-strange anti- 
quark. On the other hands a theoretical effort has to be done to further reduce the error 
from the extrapolation between the D and B mass regions. 



17 



6.1.2 Bb a and Bk parameters. 



The bag parameters Bk and B^ A cannot be measured experimentally. As it has been 
shown in Sections |4.2| , |4.3| the precision on these parameters is limited by the error related 
to the quenched approximation. New and more precise results expected in the next future 
and a better control of the quenched approximation should allow to reach a precision of 
5 % on Bk and Bs d - 

6.2 Improvements on the determination of the Am s frequency 

The best limit on Am s ( Am s > 8. Ops -1 at 95%C.L. ) is coming from the combination of 
the latest analyses from ALEPH, DELPHI and OPAL collaborations at LEP. Improve- 
ments are expected by adding new analyses, from the refinement of present ones and from 
new results from the SLD experiment. From a study, done in DELPHI, the final LEP 
sensitivity [] for Am s will be around 12.5 ps _1 [[|IJ which is above the expected most 
probable value of 10 ps -1 as shown in Figure |5|. It has been also demonstrated [45] that 



this result is mainly limited by the available statistics collected by the experiments. A 
gain of a factor four in statistics would allow to have a sensitivity up to Am s = 16 ps _1 . 
In this case, for a value of Am s = 10 ps _1 , which corresponds to the most probable value, 
at present, a measurement, with a precision better than 15 % could also be performed 

El- 



6.3 Improvements on A, m t and jp4 

As shown in Section |] the measurement of | Vj, | comes from the average of two methods. 
The first one uses the values of the inclusive lifetime and of the inclusive semileptonic 
branching fraction of B hadrons. Its precision is limited by the accuracy on the theoretical 
parameter 7 C . An improvement on its determination is expected [^0],|46|]. The second 
method uses the measurement of Br(B — > D*£v) in the framework of HQET. The precision 
of this measurement is limited by experimental errors. On statistical errors, improvements 
are expected mainly from the CLEO experiment. The main systematic uncertainties 
come from the errors on the B® lifetime, on the B® production rate in jets and on the 
D** production rate in B hadron semileptonic decays. These parameters can be more 
precisely measured at LEP in the near future. All these improvements could allow to 
reach a precision of ±0.001 on | V c t | which corresponds to an uncertainty of ±0.025 on 
A. 

I Kb I 



Theoretical improvements are also expected to extract the ratio ]rW [Q. A possible error 



of ±0.01 will be considered in the perspectives. 
In addition the final analyses of CDF and DO at Fermilab should allow to reach a precision 
of ±5GeV on the top mass. 



1 In the amplitude approach described in Section 5.2.2 , it is possible to compute the exclusion proba- 
bility V limit of being able to set a limit for a given value of Am s , with the studied channel. The sensitivity 



is the value of Am s corresponding to Vu 



0.5. 
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Figure 7: The p-rj allowed region in the "Year 2000" scenario. Contours at 68% and 
95 % are indicated. 

6.4 Different scenarii. 

Three scenarii are presented in this section. It has to be noticed that the central values 
obtained in each case for p, sin2a or fs are rather arbitrary because the informations on 
these quantities are obtained with the present central values and reduced uncertainties 
on the different parameters entering into the measurements. Only quoted uncertainties 
on these quantities are meaningful. 

6.4.1 "Year 2000" scenario. 

The central values and uncertainties of the parameters, used for this scenario, are given 
in the third column of Table |2|. This scenario, named "Year 2000", corresponds to the 
possible situation at the threshold of the year 2000, before the start up of B-factories. 
It includes the "possible" latest CLEO and LEP results. A sensitivity at 12.5 ps _1 on 
Am s is considered and, in addition, better estimates for the B B , £ and B K parameters 
on which uncertainties have been reduced by a factor of about two. The error used for 
comes from the current determination of fo s whereas the central value is kept the same 
as in eq. d33|). The improvements on A, m t and jp^j, described in previous paragraphs, 
have been included. The results are: 
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Figure 8: The sin2a and sin2(3 distributions, shown in the left and right plots respec- 
tively, have been obtained using the contraints corresponding to the values of the parame- 
ters expected in the "Year 2000" scenario. The dark-shaded and the clear-shaded intervals 
correspond to 68% and 95 % confidence level regions respectively. 



Two scenarios are presented in the following. The "r-Charm" scenario which consid- 
ers the possibility of having a r-Charm factory operating at the beginning of the next 
millenium, allowing an accurate control of non-perturbative QCD parametrs. The CP- 
phases scenario which shows the importance of the direct measurement of sin2a and 
sin2(3. Several experimental facilities have been approved for the latter purpose whereas 
none r-charm factory is foreseen yet. The aim of separately showing the two scenarios is 
to stress their complementary and to underline, at least once, the importance of having 
a r-Charm factory project soon operating. 

6.4.2 "r-Charm" scenario. 

This scenario considers the possibility of having a r-Charm factory operating at the 
beginning of the next millenium. 

In the previous scenario it has been shown that the p parameter is still known three times 
less precisely than the rj parameter. This is mainly due to the uncertainty on At 
a r-Charm factory fu a and f D + can be measured with a precision at the per cent level. 
Following the approach described in |6 . 1 . 1| , f B may be determined with a precision better 
than 5%. To reach this goal a joint effort, between experimentalists and theorists working 
on lattice QCD, is needed. 

Assuming 2.5 % accuracy on the quantity f Bd y 1 B Bd (f Bd «/ 1 B Bd = 200 ±5 MeV), the 
expected accuracy on the p and rj parameters comes out to be: 

p = 0.080 ± 0.048 ; r] = 0.334 ± 0.034 (54) 

and the new allowed region is shown in Figure [|. The information coming from Am s 
result is not used, the reason being that the measurement of f'B d jB Bd and of give 
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p 

Figure 9: The p-fj allowed region in the "r-Charm" scenario. Contours at 68% and 95 
% C.L. are indicated. 




sm2/? sin2a sin2/? 



Figure 10: The sin2a and sin2(3 distributions have been obtained using the contraints 
corresponding to the values of the parameters expected in the U T-Charm" scenario. The 
dark-shaded and the clear-shaded intervals correspond, respectively, to 68% and 95 % 
confidence level regions. 
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Scenarii 


P 


V 


Am s (ps x ) 


f B ^B^(MeV) 


At-present 


u - iu -0.38 


n 00+U.U6 

u -"J>j-o.o9 






At-present + Am s 


o-n±8il 


0.33 ±0.06 


[> 8 ps' 1 at 95%C.L.] 


208±! ) 


Year-2000 


0.09™ 


n oor+U.U34 
U.OOO_ Q 35 


[sensitivity at 12.5 ps- 1 ] 


±15 


r-Charm 


0.080 ±0.048 


0.335 ±0.034 


12.8 ± 1.8 ps- 1 


[±5] 


CP-phases 


n 1 91 +U.U29 

U.lZl_o .026 


0.331 ±0.026 


[sensitivity at 12.5 ps- 1 ] 


±9 



Table 3: Results on ~p-rj, Am s and fB d yBs d in the different scenarii. Apart from the 
present measurements, the central values of these quantities -with the exception of the one 
for rj- are not meaningful, only expected errors have to be retained. The results on Am s 
and on fB\/B B are given in squared brackets when they correspond to values given as 
constraints and which are not improved at the end of the fitting procedure. 



the same type of constraint. In practice the constraint at ±5 MeV on fB d \J Bs d has the 
same effect as a measurement of Am s = 12.8 ± 1.8 ps . 
The corresponding values for sin2a and sinlfi are: 

sin2a = 0.23 ± 0.25; sin2(3 = 0.65 ± 0.04, (55) 

and their expected distributions are shown in Figure |IT| . 

The inclusion of the Am s constraint slightly improves the errors on the p and rj parameters. 
6.4.3 "CP-phases" scenario. 

In this scenario, the direct measurement of sin2a and sin2f3 is considered. 
Several experiments have been approved for this purpose. HERA-B at DESY and the 
Fermilab experiments ( the upgrades of DO and CDF experiments ) are mainly sensitive 
to sin2(3 via the reconstruction of the decay B — > J/tpK®. As shown in Section |5.2.5| the 



current precision on sin2(3, obtained from indirect measurements in the framework of the 
Standard Model and of the C.K.M. matrix, is ±0.13 and it is expected to improve down 
to ±0.07 in the year 2000. The HERA-B experiment foresees to have a precision on sin2f3 
of the order of ±0.20 and an accuracy of ±0.10 is expected at Fermilab experiments. 
The e + e~ asymmetric B-factories ( BaBar at SLAC and BELLE at KEK ) can measure 
both sin2(3 and sin2a, the latter via the reconstruction of the decay B — > 7r + 7r~ . 
Assuming that these two quantities are measured with a precision of: 

5{sin2(5) = ±0.10 ; 8(sin2a) = ±0.10 

and considering that the other parameters, listed in Table |2], are known with an accuracy 
corresponding to the "Year-2000" scenario, the expected precisions on p and rj are then: 

p = 0.121^;°| ; rj = 0.331 ± 0.026 (56) 

This corresponds to an equivalent precision of ±9MeV on the fs d parameter. 

The new p-rj allowed region is shown in Figure |IT]. It should be reminded that B-factories 

will contribute to reduce the p — 77 region by performing also additional measurements on 
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Figure 11: The p-T] allowed region in the "CP-phases" scenario. Contours at 68% and 
95 % C.L. are indicated. 
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Figure 12: The contours at 68% and 95 % C.L. in the ~p-r} plane obtained in the "r- 
Charm" scenario ( clearer contours ) are compared with those coming from the measure- 
ment of the quantities sin2a and sin2j3, alone, with ±0.10 accuracy at future B- factories 
( darker contours ). 
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Scenarii 


sin2a 


sin2(3 


At-present 


> -0.60 at 95%C.L 




Year-2000 


0.24 ±0.41 


0.65™ 


r-Charm 


0.23 ±0.25 


0.65 ±0.04 


CP-phases 


[±0.10] 


[±0.10] 



Table 4: Results for sin2a and sin2(3 in the different scenarii. For the CP-phases 
scenario the errors refer to the direct measurement of the angles. 



■M and on \ V cb \. 

v cb \ 

It will be of interest to compare the p-rj allowed regions in the two following different 
approaches : 

• the precise measurements of the sides of the unitary triangle, which requires an 
accurate control of non-perturbative QCD parameters ( "Year-2000" and " r-Charm" 
scenarii) corresponding to a determination of f Bd with an error of 10 MeV or better, 

• the precise measurements of the angles ("CP-phases" scenario). 

The two selected ~p-rj allowed regions are shown in Figure |12| 

A summary of the results expected on p-rp Am s and f Bd \J B Bd in the different scenarii 
is given in Table |3|. Table [| gives the summary for the sin2a and sin2j3 variables. 



7 Possible effects from supersymmetric particles. 

In this section are discussed the additional contributions to Am^ and to | ek | expected 
to come from the presence of new physics beyond the Standard Model. The effect of new 
physics can be parametrized by introducing an extra parameter A. This formulation is 
valid in any extension of the Standard Model in which the flavour changes are controlled 
by the Vqkm matrix. 

In case, for instance, of Am d the expression ( |50|) becomes 

Am d = 1Q2 ^ 2 _ B | V tb | 2 | V td | 2 m B JlB Bd r) B A (57) 



7T 



w 

The same quantity A appears in the expression of | e# |. 
The A parameter can be written 

A = x t {F(x t ) ± A NewPhysics ) (58) 

The Standard Model predicts : A = 2.55 ± 0.15, where the error takes into account 
the uncertainty on the top mass. The present data can be then fitted using the new 
expressions for Am^ and | €k \ fitting A together with the parameters p and r], the result 
is : 

P — u - zu -0.38 ) '/ — u - zy -0.15 
-5.9 



A = 3.2^;* (59) 
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Scenarii 


A 


msusY , tan (3 = 1 


tan (3=1.5 


tan (3 = 5 


At-present 


o 9+5.9 
°- z -1.9 


> 55 


no limit 


no limit 


Year-2000 


±1.0 


> 120 


> 85 


> 60 


r-Charm 


±0.7 


> 140 


> 105 


> 75 


CP-phases 


±0.6 


> 150 


> 115 


> 80 



Table 5: Results on the A parameter in the different scenarii. The limits on itisusy are 
given in GeV/c 2 at 95 % C.L. 



The same fit has been performed for the scenarii presented in the previous section 
and results have been summarized in Table [5]. Since the central values of all parameters 
entering into the fit have been fixed at the presently measured ones, only the expected 
error on A is given. 

To see the possible implications of such a precision on the A parameter a particular 
example is discussed in the following, in the framework of the MSSM extension of the 
Standard Model, stressing the constraints that can be obtained essentially on the masses 
of the lightest supersymmeric particles. The theoretical framework is discussed in |47] . 



In this framework light stop-right (t) and higgsinos are considered assuming that tan 2 (3 
is lower than mt/m& and that the stop-left and the gauginos are heavy. In this scenario 
A can be written : 

^NewPhysics = (A// + AsuSy) (60) 

Ah and Asusy denote the contributions to the box diagram from charged Higgs boson 
and from R-odd supersymmetric particles respectively; for the latter, contributions of the 
stop-right (t) and of the charged higgsino (x) are considered. The expression for these 
quantities are given in |47j. In the region of masses between 60 and 150 GeV/c 2 , Asusy 
dominates over Ah because the former depends on (mj ± m£}/2 and is enhanced by the 
presence of the factor {m 2 /m SUSY ) and, due to the term l/sin 4 (j3), is rapidly growing for 
tan (3 ~ 1. 

In the following the term Ah has been neglected and the stop-right and the charged 
higgsino are supposed to have the same mass (generically indicated as msusY m the 
following). The quantity A is then defined as: 

A = x t {F{x t )+AsusY{xt^x hl (3)) (61) 

where Xt = (m 2 /m 2 v ) , x 4 - = (m^/m|) and x^. = (m~/m|). Its variation is shown in 
Figure [L3|, as a function of the higgsino (stop-right) mass. It can be noticed that Am^ 



can be large for small values of this mass and values of tan(3 close to unity. 

The present result (|5U[) does not give any stringent constraint on SUSY parameters. 
Sofar no limit on the mass of the lightest supersymmetric particle can be set. This can 



be clearly seen in Figure [T3|. The same fit has been repeted for the scenarii presented 
in the previous section and results have been summarized in Table |5|. A limit on msusY 
is obtained, using as a central value for A, the Standard Model expectation. Significant 
limits can be set for small values of tanj3. 

It is important to stress that also in the SUSY framework the Vqkm matrix is unitary. 
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Figure 13: The curves represent A as a function ofmsusY for different values oftanft. 
The horizontal lines correspond to the value of A expected in the Standard Model with the 
uncertainty due to the top mass. 
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Figure 14: The compatibility of the constraints on Am^, | | and is shown in 
three different scenarii. The constraint on jp^j does not change while from left to right 
the constraints on Am^ and \ ex \ change from the Standard Model scenario to two SUSY 
scenarii with m SUSY = 120 GeV/c 2 and 60 GeV/c 2 and tanf3 = 1.5. 



26 




30 35 40 
Am, (ps"') 

Figure 15: Am s probability distributions obtained with the same constraints as in Figure 
[|. The first distribution, on the left, corresponds to the Am s probability distribution as 
obtained in the Standard Model ( same as in Figure |3| ). The other distributions are 
obtained in the supersymmetric scenario using tan/3 =1.5 and, from left to right, msusY 
= 160, 120 and 80 GeV/c 2 . 



It can happen that the different constraints, as they are expressed in the Standard Model 
parametrization, do not converge at the same point. SUSY can then be invoked. Finally 
it is important to stress that, in this approach, the ratio Am^/ Am s remains the same as 
in the Standard Model in terms of p and rj. But as, in this scenario, the favoured values for 
p and rj are not the same as in the Standard Model (see Figure [14D, the value of Am s will 
be different. This effect is shown in Figure 15. The Am s probability distribution moves 
towards higher values for decrasing values of the mass of the lightest supersymmetric 
particle. 



8 Conclusions. 

The Wolfenstein parametrization describes the Vckm matrix in terms of four parameters 
:A, A, p, rj and A is known with a precision better than 1%. 

The recent theoretical progress and the new precise measurements of the inclusive lifetime 
and of the semileptonic branching fraction of B hadrons, as well as a new approach in the 
HQET framework which makes use of the measurement of BR(B — > D*£u) , allow to get 
a precise value of A: A = 0.81 ± 0.04. 

The p and rj parameters have been determined using the constraints from the measure- 
ments of j^j) | £k I and Am^ and the limit on Am s . The rj parameter which is related 
to the CP violating phase is different from zero and is equal to rj = 0.35 ± 0.06. A further 
reduction on the uncertainty on A will allow to decrease the uncertainty on f]. The p 
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parameter is at present poorly known. Its determination has been recently improved by 
the limit obtained on Am s , the fitted value is p = O.lOi^i- The uncertainty on p is 
dominated by the precision on the non-perturbative QCD parameter fsV^B- It has been 
shown, that using available constraints from | £k \, Am^ and Am s , this quantity is 

equal to: fB d \jB Bd = 208tloMeV . This measurement, which is obtained assuming the 
validity of the Standard Model, improves the theoretical determination of this quantity, 
fs d \J Bs d = 200 ± 50MeV. This shows that a better determination of p can be obtained 

if fs d \J Bs d is measured with a precision better than ±30MeU. 

It has been also shown that the value of Am s cannot be too large in the Standard Model 
(Figure |T^). It is expected to lie, within one sigma, in the range between 6.5 and 15 
ps _1 , the most probable value being 10 ps~ l . With the present combined lower limit of 
Am s > 8. Ops -1 at 95 % C.L. LEP experiments are then exploring a very interesting 
region. It has been also shown that the introduction of light super symmetric particles in 
the loops can significantly displace the Am s distribution towards higher values. 
A significant comparison between a future direct measurement of sin2f3 and the present 
evaluation of this quantity, sin2(3 = 0-67-o.ll, in the framework of the Standard Model 
has been also presented. If no progress is obtained in the evaluation of fs, the evaluation 
of sin2a from the measurement of the sides of the unitary triangle will remain too uncer- 
tain to be compared with the direct measurement. 

A precise determination of fo s and fr>+ at a future r-Charm factory can be used to verify 
lattice QCD evaluations of these quantities. A precise determination of Jb can then be 
obtained using these measurements and the extrapolation from the D to the B sector, as 
predicted by lattice QCD. A restricted region can be isolated in the (p-rj) plane which has 
a similar extension as expected from direct measurement of sin2a and sin2{3 with ±0.1 
uncertainty. 

Finally the present data have been analyzed in a SUSY model, in the framework of a given 
scenario. Sofar no stringent limits can be set on the mass of the lightest supersymmetric 
particles. The Standard Model fails if the different measurements are not compatible 
with the same values of p and Tj. It has been shown that in the SUSY framework different 
parametrizations of | ex | and Am^ are obtained providing the extra terms to accomodate 
this eventual problem. 
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